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ABSTRACT 
 

In an arid country such as Egypt, climate change can pose significant risks on food 
security. Climate change effects manifest in many ways through the changes in: 
rainfall, temperature, sea level, water availability and consequently, the agriculture 
activities. Adaptations to such changes are crucial to survive through their ill-effects. 
However, the lack of interactions among the different authorities responsible for 
climate change assessment leads to varying opinion. This calls for an urgent need of 
collaboration and integration of the concerned parties. In order to preserve food 
security in Egypt, assessment related to agriculture water management is required. 
First attempt to set mitigation actions was conducted by irrigation sector, in 1960, by 
implementing subsurface drainage system to prevent higher soil salinity in case of 
sea level rise. Irrigation improvement projects are needed to mitigate the impact of 
climate change on water scarcity by implementing water conservation techniques and 
control water pollution. Air temperature increased 2oC over the past 30 years; leading 
to higher crop ET, and consequently increase in irrigation water demand. However, 
this led to the need for determining producing heat, salt tolerant and high yielding 
varieties. Farmers adapted to the increase in air temperature by shifting the planting 
dates to earlier times and the agriculture sector helped by producing different short 
duration varieties. However, simulation models are used to predict the impacts of 
climate change on the yield of main crops. Responsibilities of climate change impact 
from economical point of view as well as drafting the agenda of implementation were 
considered which raised challenge to the kind of climate change responsible sectors 
in Egypt which raised the challenge to the climate change responsible sectors in 
Egypt. The direct responsibilities as well as the collaborative responsibilities of the 
concerned sectors are designed. However, the over-interaction of some sectors 
adversely affected the implementation of climate change strategy in Egypt. This study 
presents a well-designed mitigations and a base for future implementation. 
 
Keywords: Water and agricultural, Climatology, Mitigation, Sectors interaction, 
Egypt. 
 

1. INTRODUCTION 
 
Climate change is widely agreed to be already a reality, and its adverse impacts on 
the vulnerability of poor communities are superimposed on existing vulnerabilities. 
Climate change will further reduce access to drinking water, negatively affect the 
health of poor people, and will pose a real threat to food security in many countries in 
Africa, Asia and Latin America. The general consensus is that changes in 
temperature and precipitation will result in changes in land and water regimes that will 
subsequently affect agricultural productivity. 
 
Globally, by 2030 nearly half of the population could be facing water scarcity. 
Demand could outstrip supply by 40%. The rate we are currently expending water 
combined with surging population leaves a future full of questions and present that 
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demands action. If global water issues and particularly water scarcity are not 
addresses today, future sustainability will be greatly limited (FAO 2007). Over the last 
decade or so, climate change (long-term changes in mean temperature or 
precipitation normal, as well as an increased frequency of extreme climate effects) 
has gradually been recognized as an additional factor which, with other conventional 
pressures, will have a significant weight on the form, scale, and spatial and temporal 
impact on agricultural productivity. The general consensus to emerge from the 
literature is that in the absence of adequate response strategies to long-term climate 
change as well as to climate variability, diverse and region-specific impacts will 
become more apparent (world bank).The nexus approach can also help to identify 
policy levers to implement a common future agenda and to create new opportunities 
for achieving water, energy and food security while reducing conflicts between 
sectoral objectives. Realizing these opportunities necessitates action for change in 
crucial themes such as to increase policy coherence, end waste and minimize losses, 
mobilize consumer influence, and creates more with less (Bonn 2011, FAO 2014). 
 
Given that Egypt’s population, land-use and agriculture, as well as its economic 
activity are all constrained along a narrow T-shaped strip of land along the Nile and 
the deltaic coast, it is extremely vulnerable to any adverse impacts on its coastal 
zones and water availability from the Nile. Climate change poses significant risks 
through sea level rise on the coastal zone, which is already subsiding at 
approximately 3-5mm/year around the Nile delta. Analyses of current climatic trends 
reveal a warming trend in recent decades with country-averaged mean temperature 
increases of 1.4°C and 2.5°C projected by 2050 and 2100. Higher temperatures in 
the semi-arid regions with resulting evaporative losses coupled with increasing water 
demands will likely result in decreasing water availability from the Nile. There is also 
some possibility of significant decline in Nile streamflow under climate change as a 
result of changes in precipitation. Coastal zone and water resource impacts have also 
serious implications for agriculture: sea level rise will adversely impact prime 
agricultural land in the Nile delta through inundation and salinization, while the 
intensive irrigated agriculture upstream would suffer from any reductions in Nile water 
availability. Therefore, climate change is a serious concern for Egypt.  
 
Reducing the uncertainties of climate change impacts is necessary to set the suitable 
mitigation measures. Impacts of climate variability and change on the agricultural 
sector are projected to steadily manifest directly from changes in land and water 
regimes, the likely primary conduits of change. Changes in the frequency and 
intensity of droughts, flooding, and storm damage are expected. Climate change is 
expected to result in long-term water and other resource shortages, worsening soil 
conditions, drought and desertification, disease and pest outbreaks on crops and 
livestock, sea-level rise, and so on. Vulnerable areas are expected to experience 
losses in agricultural productivity, primarily due to reductions in crop yields 
(Rosenzweig et al., 2002). Impacts of climate change on the agricultural sector have 
prompted concern over the magnitude of future global food production 
(Intergovernmental Panel on Climate Change (IPCC) 1996; Olesen and Bindi, 2000). 
Climate change concern is highly linked to lead an increase in poverty in agricultural 
sector. The expected negative impacts on the agricultural sector will escalate the rural 
poverty.  Impacts on poverty are likely to be especially severe in developing countries 
where agriculture is an important source of livelihood for a majority of the rural 
population. 
 
Researchers have examined farm alternatives and the most efficient adaptation 
choices under various climatic scenarios. However, climate change impact 
assessment analysis should not rely on scenarios of future climate involving only 
changes in means. Nevertheless, one of the major yield-contributing factors during 
the more sensitive growth stages at some regions is the extreme climatic events. 
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Therefore, improving understanding of the interactions of rising CO2 with other 
environmental variables is becoming more important especially under arid land 
conditions. 
 
Climate change drives much of the change evident in natural hydrological cycles, 
which is one of the greatest environmental, social and economic threats facing the 
planet. Recent warming of the climate system, irrespective of the causes is 
indisputable, and is now evident from observations of increases in global average air 
and ocean temperatures, widespread melting of snow and ice, and rising global mean 
sea level. IPCC (2007) concludes that observational evidence from all continents 
shows that many natural systems are being affected by regional climate changes, 
particularly temperature increases. Other effects of regional climate changes on 
natural and human environments are emerging, although many are difficult to discern 
due to adaptation and non-climatic drivers. 
 
Analogously, developing countries experience shows that institutional weakness and 
malfunctions arc a major cause of ineffective and unsustainable water management. 
Several reasons are responsible for this situation where many national and local 
institutions are working neither efficiently nor effectively. However, this is very clear 
also in other Nexus parameters (food and energy). The challenges facing all 
stakeholders led to recommendations based on manifold expertise and a willingness 
to start where others have ended. Further warming is consequently expected to 
reduce crop productivity. These effects are exacerbated by the fact that agriculture 
and agro-ecological systems are especially prominent in the economics of Egypt as 
one of the African countries. The rapid growth of the country’s population, the 
economic stress of reliance on food imports, and the limited area for agriculture 
requires finding new ways to increase agricultural productivity in general and oil crops 
in specific. If climate change as projected by atmospheric scientists adversely 
affected crop production, Egypt would have to increase its reliance on costly food 
imports. Studies on the drafting strategy for the effect of climate change impacts on 
Nexus are scanty and not well documented.  It is therefore, the objectives of this 
study were to assess the challenges facing Egypt due to climate change. 
 

2. STAKEHOLDER CLASSIFICATION AND RESPONSIBILITIES 
 
Over interaction of the climate change responsibilities is a major aspect that affects 
many countries such as Egypt. Over interaction in Climate change is clear in Egypt as 
many ministries and sectors are dealing with it. Consequently, leading to a huge gap 
between the worldwide international and the national action plans to face climate 
change. Vague responsibilities and over interaction of the different sectors dealing 
with climate change, negatively impacts the application of climate change strategy in 
Egypt. Figure 1 shows schematic diagram for over interaction in climate change 
responsibilities in Egypt. It is classified into two directions. The first direction shows 
the key, primary and secondary responsibilities. The second direction shows all 
sectors and sub-sectors who are considering climate change in their mandate. 
Although their action plans did not show their roles and impacts on climate change. 
Moreover, besides the reported ministries, some special units and universities set 
plan for mitigation measures of climate change. However, with all these parties and 
related stakeholders, there are unnoticeable efforts exerted to face climate change in 
Egypt.  
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Figure 1. Climate Change related stakeholder mapping of Egypt. 

 

The major signals of climate change are change in temperature patterns, change in 
precipitation patterns, increase in extreme climate events (storms, heat waves...), 
increase of sea level and droughts. However, the triggering factors are those which 
impact the food security and crop productivity within any country. While adaptation is 
in the findings of climate change effects on health problems, vulnerable livelihoods 
and loss of areas are very certain. However, it is clearly shown that main efforts 
exerted are to adjust the human and natural systems that could be damaged from the 
actual or expected climate change or their impacts, and try to exploit any beneficial 
opportunities. The challenges facing the climate change adaptation in Egypt indicate 
the need for strengthening the role of all involved stakeholders. This paper discusses 
an institutional mapping and analysis conducted to determine the role and mandate of 
each institution.   
 

3. MWRI AND CLIMATE CHANGE  
 

Since 1960, Ministry of Water Resources and Irrigation (MWRI) started taking actions 
towards the mitigations of sea level rise and its consequences on increasing the soil 
salinity through implementation of subsurface drainage system. The subsurface 
drainage system was designed for preventing higher soil salinity in case of sea water 
rise. The main activity in implementing subsurface drainage is the installation of 
covered field collectors of cement or PVC corrugated pipes and buried lateral drains 
of PVC corrugated pipes with envelope where necessary and associated structures. 
The depth of laterals design is to be 1.2 m at the upper end of the lateral and 1.5 m at 
its connection with the collector drain.  
 
As for the temperature, looking deeply through the study period records, it is noticed 
that the maximum air temperature increased by about 2 degrees while the minimum 
air temperature increased by about < 1 degree. However, these changes in the air 
temperature did not significantly affect the observed ETo values. Increasing 
temperature in hyper-arid land countries, such as Egypt and occurrence of droughts 
are evidences of weather aberrations indicating climatic risks.   
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Figure 2: Air temperature trend in the study area over last 30 years in north Delta. 

Since 1977, water saving projects were initiated by many development projects to 
mitigate water wastage. This action was conducted by MWRI in Egypt to save water 
as one alternative to mitigate the predicted climate change impacts. . From 1977 to 
1984, the Egypt Water Use Project was in effect; it aimed to improve agriculture and 
water-management programs (EWUP, 1984). In 1993, the World Bank launched the 
Irrigation Improvement Project (IIP) in a total area of 105,000 ha in Mahmoudia, 
Wasat, and Manaifa Command areas. The main objectives of the IIP were to improve 
irrigation infrastructure, water-distribution systems, and on-farm irrigation 
management. However, in 2004, the World Bank and MWRI initiated the Integrated 
Irrigation Improvement and Management Project (IIIMP) to increase irrigation 
efficiency and agricultural productivity as well as improve drainage and groundwater 
management. The total target area under the IIIMP was 210,000 ha, and this area 
was located in lower, middle, and upper Egypt (MWRI, 2005). The entire project area 
has been divided into different command areas. 
 

4. MALR AND CLIMATE CHANGE  
 

Ministry of Agricultural (MALR) produces heat, salt tolerant and high yielding varieties. 

Planting dates shifted earlier due to farmers themselves experience. Vulnerability 

studies were made to assessment the potential impacts of climate change on yield, 

water consumptive use (crop evapotranspiration, ETcrop) and farm net return.  The 

studies indicated that most of crops productivity will decrease with about 18 % and 

water consumptive use will increase with about 10%. Only cotton will increase with 

about 17% with increasing water consumptive use with 10%. Adaptation studies 

related to changing sowing dates, cultivars and amount of irrigation water were also 

applied. The main crops such as wheat and maize were optimized through shifting 

sowing dates with a range from 2-4% for wheat and from 7-11% for maize. Planting 

date of tomato shifted to middle of February with increasing air temperature (+3.5°C) 

but water consumptive use increased as well as yield. General outputs of MALR 

indicated that increasing air temperature have a negative impact on most of main 

crops productivity as well as increased its water consumptive use.   
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Table 1. Effects of rise in air temperature (+T) on crop growth and ET for main summer 
crops without ET reduction 

Factor 

Rice Maize 

Biomass Grain 
yield 

(ton/ha) 

Growth 
days 

ET 
(mm) 

Biomass Grain 
yield 

(ton/ha) 

Growth 
days 

ET 
(mm) 

(ton/ha) (ton/ha) 

Control 17.768 9.239 98 575.8 19.234 9.234 75 423.1 

+1 ℃ 17.335 8.668 96 566.8 19.201 9.218 75 421.6 

+3 ℃ 16.528 7.107 91 546.8 `19.117 9.177 76 418.8 

+5 ℃ 15.812 4.861 87 526.8  18.414  8.840  74  409.9 

 

 

Table 2. Effects of rise in air temperature (+T) on crop growth and ET for main winter 
crops without ET reduction 

Factor 

Wheat Sugar Beet 

Biomass Grain 

yield 
(ton/ha) 

Growth 

days 

ET 

(mm) 

Biomass Grain 

yield 
(ton/ha) 

Growth 

days 

ET 

(mm) 
(ton/ha) (ton/ha) 

Control 17.700 8.496 143 146.5  18.250  12.775  134  135.1 

+1 ℃ 16.882 7.259 136 141.4  18.814  13.170  134  134.3 

+3 ℃ 15.283 5.043 123 131.3  18.658  13.060  134  134.1 

+5 ℃ 13.970 3.439 113 123.8  17.525  11.917  128  126.3 

 

The only positive output from MALR is decreasing plant duration for some crops such 
as rice with increasing its productivity such as rice. Validation of MALR results using 
AQUACROP model were identified as presented in Tables 1 and 2. This validation 
shows a same trend from productivity point of view while it shows a decrease in water 
consumptive use. This decrease is due to decreasing of growth required days in 
winter and summer seasons. 
 

5. MOE AND CLIMATE CHANGE  
 

According to the CC reports done by the Ministry of Environment is mainly 
responsible of climate change impact from economical point of view as well as 
drafting the agenda of implementation. The economic damages associated with the 
loss of life to heat stress are identified. The estimated annual economic damages 
from increased heat stress mortality are in the tens of billions of EGP. The welfare 
loss in the “optimistic” scenario are higher than the “pessimistic” scenario. In the 
optimistic case is much higher than in the pessimistic case because the GDP/capita 
levels in the optimistic scenario are much higher than in the pessimistic scenario.  
 
Malnutrition and unemployment would increase and total economic losses by 2060 
could be several hundred billion EGP per year. These estimates do not account for 
potential adverse impacts of higher temperatures and lower flows on fisheries, 

http://www.fao.org/nr/water/aquacrop.html


2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.2.1.15 

 

 
7 

 

hydropower, and transportation. In addition, other ecosystems besides coral reefs 
could be harmed, water quality could deteriorate, and there could be other risks to 
human health besides reduced air quality. In summary, Egypt could face significant 
risks from climate change. Thus, under projected changes in climate, Egypt would be 
poorer and less healthy than it would otherwise be. There are many reasons for 
supporting policies to increase per capita income and limit population growth. Climate 
change is yet another reason. This study found the economic losses under a high 
population and low economic growth scenario would be larger in absolute and relative 
terms than under a low population and high economic growth scenario. 
 

6. AGENDA OF IMPLEMENTATION AND MITIGATION 
 

As different countries, Egypt wishes to reduce its risks from climate change; 
therefore, adaptations will need to be made over the coming decades. A national 
adaptation plan should be developed. Such a plan will send a clear signal to the 
government and throughout the country that adaptation is a priority. Based on the 
results of this study and placing emphasis on the estimated economic impacts of 
climate change to Egypt. However, this study considers a base for future 
implementation and well-designed mitigation. 
 

7. CONCLUSION 
 

In general, there is urgent need for: 

 The challenges facing the climate change adaptation in Egypt indicate the 

need for strengthening the role of all involved stakeholders. 

 Within last 30 years, the maximum air temperature increased by about 2 

degrees while the minimum air temperature increased by < 1 degree. This 

lead to increasing water consumption use and without mitigation and finding 

heat tolerant varieties, crop productivity will decrease.  

 Validation using AQUACROP model shows that CC lead to decrease in crops 

productivity and water consumptive use. The decrease in water consumptive 

use is due to decreasing of growth required days in winter and summer 

seasons. 

 CC will increase and total economic losses. Also, national adaptation plan 

should be developed and updated. 
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